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Abstract Swedish forest growth can be increased 
through intensive forestry practices, enabling an increased 
use of forest biomass for climate-change mitigation. 
However, the diffusion of such practices depends on the 
forest owners’ adoption of them. We study Swedish private 
forest owners’ perceptions and intentions with respect to 
increasing forest growth by adopting exotic tree species. 
The results of a mail-in questionnaire survey show that 
although a majority of forest owners desire increasing 
forest growth, most owners have only a basic understand¬ 
ing of exotic tree species and a smaller proportion is 
interested in adopting them. The intention to adopt exotics 
seems to depend on the perceived performance of the 
species with respect to the economic aspects of forest 
management rather than on environmental or recreational 
concerns. Whereas a knowledge gap among the private 
forest owners regarding how to increase forest growth is 
implied, forest owners with higher self-rated knowledge of 
forestry and exotics have stronger intentions to adopt such 
species. 

Keywords Private forest owners • Intensive forestry • 
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Introduction 

The demand for forest biomass-based products and fuels 
for climate-change mitigation is expected to increase dur¬ 
ing the coming decades. The parallel increased demand for 
the protection of biodiversity, cultural environments and 
recreational opportunities makes balancing multiple forest 
goals increasingly difficult (Young et al. 2005; Anon 2006; 
Bergseng and Vatn 2009). One way to meet the increased 
demand for biomass is to increase growth in forest areas 
that are assessed to have a low value with respect to bio¬ 
diversity, cultural environments and recreation. In 2008, 
the Swedish government commissioned the Swedish Uni¬ 
versity of Agricultural Sciences (SLU) to investigate and 
propose forestry practices that increase forest production 
and future harvest levels (Larsson et al. 2009). The sug¬ 
gested intensive forestry practices include the cultivation of 
exotic tree species and clones and increased fertilisation. 
These practices shorten rotation periods while other man¬ 
agement practices, such as thinning and clearing, remain 
the same as in traditional forestry. If applied to 15 % (3.5 
million hectares) of Sweden’s total productive forest area, 
intensive forestry practices could increase the annual yield 
from 30 to 60 million cubic metres of stem wood within 
100 years (Fahlvik et al. 2009). However, the realisation of 
that increase depends on the forest owners’ adoption of 
such practices. Although biomass production and economy 
may be improved, intensive forestry practices may affect 
other forest functions of value to the forest owners. 

Approximately 50 % of the forest area in Sweden is 
owned by non-industrial private forest owners (hereafter 
referred to as ‘private forest owners’) (Statistics Sweden 
2008). Private forest owners are a large and diverse group. 
Compared with industrial forest owners, they generally 
invest less in forestry, manage the forest less intensively 
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and are more influenced by non-economic motives such as 
recreational opportunities or biodiversity concerns in their 
forest management (Arano and Munn 2006; Ingemarson 
et al. 2006; Joshi and Arano 2009). Swedish private forest 
owners have been categorised into ‘economists’, who 
emphasise economic efficiency in forest management, 
‘conservationists’ and ‘passive’ owners, who are not 
motivated by profitability and ‘multi-objective’ and ‘tra¬ 
ditionalist’ owners, who are motivated by several distinct 
objectives (Ingemarson et al. 2006). Although increasingly 
fewer private forest owners depend on an income from 
forestry (Statistics Sweden 2008), most owners seem to 
belong to the ‘economist’ group (Ingemarson et al. 2006) 
and a majority view timber as the most important forest 
product (Bergseng and Vatn 2009). Thus, while non¬ 
economic objectives may motivate many private forest 
owners, economic returns may remain important in their 
decision making (Koontz 2001). 

The private forest owners’ management decisions seem 
to vary according to several variables including estate size 
and the forest owners’ income, age, education level and the 
proximity of the owners’ place of residence to the forest 
estate (Koontz 2001; Beach et al. 2005). For example, the 
likelihood to engage in harvesting activities increases with 
increasing size of the forest estate (Lidestav and Ekstrom 
2000; Ramo et al. 2009) and decreases with age (Lidestav 
and Ekstrom 2000; Favada et al. 2007; Joshi and Arano 
2009; Ramo et al. 2009). Older owners are described 
as more risk-averse than younger ones (Lonnstedt and 
Svensson 2000; Andersson and Gong 2010). Further, the 
perceived outcome of different management options 
influence the forest owners’ management decisions. For 
instance, studies have found that private forest owners’ 
concerns regarding loss of soil fertility influence their 
interest to sell forest biomass for bioenergy (Bohlin and 
Roos 2002; Ramo et al. 2009) and that their beliefs about 
the outcome of natural reforestation influence the choice of 
reforestation method (Karppinen 2005). Regarding inten¬ 
sive forestry, interviews of different forestry stakeholders, 
including private forest owners, indicate scepticism of the 
financial gains involved as well as negative attitudes with 
respect to the impact on environmental and recreational 
values (Lindkvist et al. 2012). Such perceptions may 
influence the forest owners’ intention to adopt intensive 
forestry practices. 

The aim of this study is to empirically investigate 
Swedish private forest owners’ perceptions and intentions 
with respect to increasing forest growth through adopting 
the exotic tree species lodgepole pine, Sitka spruce, larch 
and hybrid aspen. Using a mail-in questionnaire, we assess 
the forest owners’ beliefs regarding the outcomes of cul¬ 
tivating the exotics, measure their attitudes towards the 
exotics using the multi-attribute attitude model (Hawkins 


et al. 2007) and analyse how the attitudes and the forest 
owners’ knowledge and perceived behavioural control may 
influence their intention to adopt exotic tree species. 

Exotic tree species in Swedish forestry 

Silviculture has long favoured fast-growing and easily 
managed indigenous conifers. Therefore, most forested 
land area in Sweden is dominated by Norway spruce and 
Scots pine (Knight et al. 2001). The cultivation of exotics 
has been limited. In the 1970s, a predicted timber shortage 
resulted in large plantations of lodgepole pine (indigenous 
to North America), which exhibits timber qualities com¬ 
parable with or better than Scots pine, but environmental 
concerns and problems with pathogens and tree instability 
led to restrictions and a decrease in planting (Elfving et al. 
2001; Engelmark et al. 2001; Karlman 2001). In 2001, 
2.5 % of the productive forest land was occupied by 
lodgepole pine, most planted in company-owned forests 
(Elfving et al. 2001). Present law restricts the species to 

specific altitudes in areas north of the 60th parallel except 

• • 

in two counties (Orebro and Varmland) and a national 
maximum of 14,000 ha per year may be regenerated with 
lodgepole pine. However, the SLU (Larsson et al. 2009) 
concluded that the species has been tested sufficiently to be 
reintroduced on a larger scale in Swedish forestry. This is 
also the case with the deciduous hybrid aspen. The hybrid 
aspen is currently limited to experimental plantations 
(Larsson et al. 2009) but was cultivated in Sweden during 
the 1940s to the 1960s for the production of matches 
(Christersson 1996). The species is considered appropriate 
for pulpwood and bio energy (Karacic 2005). Present 
regulations regarding the hybrid aspen are vague, but the 
Swedish forest agency recently recommended that the tree 
be considered an exotic (Skogsstyrelsen 2009). 

Siberian or Russian larch is considered an indigenous 
Swedish conifer appropriate for northern Sweden, but the 
tree has not occurred naturally since directly after the last 
ice age (Karlman 2010). Experimental plantations have 
shown promising results with high biomass production 
(Larsson et al. 2009). However, larch contributes to less 
than 1 % of the total standing volume in Sweden, of which 
the majority is in the south (Larsson-Stern 2003) where a 
hybrid crossbreed between European and Japanese larch is 
considered more suitable (Larsson et al. 2009). Larch wood 
generally produces durable timber with high density and a 
high volume of heart wood (Karlman 2010). The North- 
American Sitka spruce is another alternative high-yield 
conifer suitable for the climate of south-western Sweden 
which possesses wood qualities similar to Norway spruce 
(Tengberg 2005). Sitka spruce is cultivated on a large scale 
and with a high yield in Norway and Denmark (Karlsson 
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Fig. 1 Overview of the 
theoretical framework of the 
study [adapted from Ajzen 
(2005)] 
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2007) but has not been introduced in Swedish forestry. 
Because of the limited experience with larch and Sitka 
spruce in Sweden, these trees are not considered appro¬ 
priate for large-scale plantations. Under the present legal 
restrictions, the regeneration of larch and Sitka spruce is 
limited to 0.5 ha per management unit without notification 
to the authorities (Larsson et al. 2009). 

Introducing exotics includes uncertainties and is largely 
a matter of balancing opportunities and risks. The self¬ 
dispersal of the species to new environments, the spread of 
pathogens and pests to native systems and ecosystems and 
changes to ecosystem processes, structure and biodiversity 
are some risks associated with the introduction of exotics 
(Engelmark et al. 2001; Karlman 2001). In addition, the 
implementation of more intense forest management prac¬ 
tices may negatively influence the cultural environment 
and recreational opportunities (Larsson et al. 2009). Still, 
a recent review of current forestry regulations by the 
Swedish forest agency recommended that exotics should 
be allowed to a larger extent, primarily because of the 
opportunity to produce more forest raw materials and 
adapt to climate change (Skogsstyrelsen 2009). The general 
recommendation by the SLU (Larsson et al. 2009) is to 
revise the regulations on intensive forestry practices as the 
knowledge of their consequences increases. 

Method 

Theory 

Because the majority of exotic tree species remain subject 
to regulatory restriction and are expected to be new or 
unknown to many forest owners, the question of them 
adopting exotics is primarily hypothetical and refers to 
the forest owners’ behavioural intention, not the actual 
behaviour of cultivating the exotics. The theory of planned 
behaviour (Ajzen 2005) stipulates that an individual’s 
behavioural intentions (and thus behaviours) are a function 
of three basic determinants: the individual’s cognitive 
attitude 1 (positive or negative evaluation of the outcomes) 

1 Attitudes are considered to possess the three components: affective 
(emotions or feelings), cognitive (beliefs) and behavioural (response 
tendencies). This paper primarily evaluates the cognitive component 
of attitudes, which consists of perceptions (beliefs or knowledge) of 
the attributes of a phenomenon (e.g. how an exotic tree species 


towards the behaviour (e.g. towards increasing forest 
growth through adopting an exotic tree species); the indi¬ 
vidual’s perception of the social pressure to perform or not 
perform the behaviour (subjective norm); and the perceived 
behavioural control (the sense of one’s ability to perform 
the behaviour, e.g. to increase forest growth by learning 
more about forest management practices). Perceptions may 
be accurate or inaccurate with respect to objective reality 
but perceptions rather than reality determine behaviour 
(Rogers 2003; Hawkins et al. 2007). Lollowing from this 
theory, the forest owners’ intentions to adopt exotics likely 
depend on their evaluation of the outcome of cultivating 
such species and whether they perceive them to fit with 
their management goals. However, whereas attitudes and 
perceived behavioural control have been found to correlate 
strongly with actual behaviour, the subjective norm often 
explains less variance in the behavioural intentions (Ajzen 
2005) and is not investigated in this study. Instead, as 
potential adopters’ level of knowledge influences their 
adoption decisions (Rogers 2003), we investigate if the 
forest owners’ self-rated knowledge of forestry and the 
exotics influence their intentions to adopt exotics. An 
overview of the study’s theoretical framework is provided 
in Lig. 1. 

Survey questionnaire 

A mail-in questionnaire was used to collect information on 
Swedish private forest owners’ perceptions and intentions 
with respect to cultivating exotic tree species. Statistics 
Sweden administered the sampling, the mailing of the 
questionnaires and the collection of the data. 

The private forestry of Sweden comprises 240,742 
management units distributed among 335,805 private forest 
owners (Statistics Sweden 2008). The sample frame (the 
population from which the sample was extracted) of the 
study was determined according to the Swedish register of 
property assessment and included only physical persons 
with Swedish personal identity numbers and Swedish 
addresses. Undistributed estates of deceased persons were 


Footnote 1 continued 

performs with respect to forest growth). Although the other compo¬ 
nents of forest owner attitudes are not analysed here, all three com¬ 
ponents of an attitude are generally consistent (Hawkins et al. 2007). 
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excluded, as were owners of less than 10 ha of forest, who 
were assumed to have little capacity to invest in intensive 
forestry. In the case of several owners of a management 
unit, the owner responsible for the income-tax return of the 
estate was chosen. The sample frame included 142,115 
individuals. A stratified simple random sample of 3,000 
individuals was extracted from this population on a 
national level, followed by an additional sample of 500 
individuals in parts of northern Sweden because of a 
regional interest in the research project. The national 
sample was proportionally stratified based on the size of 
forest estate and the NUTS (nomenclature of territorial 
units for statistics) regions of the owners’ residency, 
whereas the additional sample was proportionally stratified 
based on the size of the forest estate(s). Statistics Sweden 
merged the samples and provided information on the 
respondents’ age, gender, forest estate(s) size and NUTS 
region. 

The study questionnaire consisted of seven parts. Most 
questions included five-point Likert-type scales (e.g. 

1 = Completely disagree, 5 = Completely agree). The 
naming of the extremes of the scales depended on the 
question. In addition to questions on general forest man¬ 
agement and the use of exotics, the questionnaire addressed 
the afforestation of arable land and forest fertilisation. 
Questions relevant to the analysis of this study are 
described in the “Method” section. 

Questionnaires were sent in January 2010. The cover 
letter included information on the background and purpose 
of the study and contact information of the responsible 
individuals. Two reminders followed, which were sent 

2 weeks after the previous mailing. The second reminder 
included an additional copy of the questionnaire. In total, 
1,465 respondents completed the questionnaire. One hun¬ 
dred and five individuals were excluded from the sample 
because of postal returns, emigration, illness, sale of the 
forest or death, and 83 individuals were unwilling to par¬ 
ticipate in the survey. The response rate of 43 % is below 
that of some earlier studies [see, e.g. Andersson and Gong 
2010; Ingemarson et al. 2006] but equal to or higher than 
others [see, e.g. Arano and Munn 2006; Blennow and 
Salinas 2002; Ramo et al. 2009]. Possible reasons for non¬ 
participation include an uninteresting survey topic, survey 
fatigue in the target group and the length and complexity of 
the questionnaire. The survey topic was likely to be par¬ 
ticularly uninteresting to owners who have little interest in 
forest management. A screening of socio-demographic 
variables indicated that the response rate was lower among 
owners aged 54 and younger and higher among owners 
over 64 years of age (Table 1). In addition, the response 
rate was lower among women than among men. Thus, the 
data were skewed towards older men. However, with 
respect to other screened variables, the respondents were 


Table 1 Distribution of sample frame, sample, respondents and 
response rate with respect to size of forest estate(s), age and gender 



Sample 

frame 

Sample 

size 

No. of 
respondents 

Percentage 
of total 
respondents 

Response 
rate (%) 

Size of estate(s) (hectares) 




10-19 

34,519 

825 

320 

22 

39 

20^19 

49,691 

1,190 

500 

34 

42 

50-99 

31,339 

773 

326 

22 

42 

100- 

26,566 

713 

316 

22 

44 

Age (years) 





<44 

19,332 

489 

145 

10 

30 

45-54 

29,982 

763 

267 

18 

35 

55-64 

41,709 

965 

441 

30 

46 

> 65 

51,092 

1,229 

609 

42 

50 

Gender 






Female 

— 

945 

341 

23 

36 

Male 

— 

2,556 

1,121 

77 

44 

Total 

142,115 

3,501 

1,465 

100 

43 


considered representative for the chosen population. The 
potential influence of the additional sampling in northern 
Sweden is discussed in the “Discussion” section. 

Analysis 

Because the aim of the study was to investigate factors that 
influence the intention to adopt exotic tree species, only the 
respondents who were willing to increase forest growth 
in their present forest (79 % of n — 1,389) were included 
in the analysis. These respondents rated their agreement 
(1 = Completely disagree, 5 = Completely agree) with 
the statement that they can increase forest growth by 
learning more about what is suitable for their forest, which 
indicated their perceived behavioural control (PBC) with 
respect to adopting measures to increase forest growth. 
For other predictors included in the analysis, multiple 
questions measuring similar things were posed from which 
new variables were prepared. The forest owners’ behav¬ 
ioural intention towards adopting an exotic tree species was 
indicated by the sum of the respondents’ rated interest 
(1 = Not interested at all, 5 = Very interested) in culti¬ 
vating an exotic and the rated agreement (1 = Completely 
disagree, 5 = Completely agree) to being open to new 
suggestions on how to increase forest growth. A similar 
procedure was used to establish a variable representing the 
forest owners’ level of knowledge, where the self-rated 
knowledge (1 = Do not know at all, 5 = Know very well) 
of each species was added to the self-rated general 
knowledge (1 = Do not know at all, 5 = Know very well) 
of forestry. 
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To determine which attributes of forest management that 
the forest owners prioritise, the respondents were asked to 
rate the importance (1 = Not important at all, 5 = Very 
important) of different consequences for the forest man¬ 
agement (e.g. how important is the landscape scenery, the 
timber supply, or biodiversity) of their productive forest. 
Then, the respondents rated the performance (1 = Poor 
performance, 5 = Good performance) of each species 
with respect to the consequences (e.g. how well lodgepole 
pine performs with respect to the landscape scenery), 
which revealed the forest owners’ beliefs about the exotic 
tree species. There were 19 consequences for which the 
respondents rated the importance. Not all of the conse¬ 
quences could be included in the regression analysis 
(to maintain enough observations for each variable). 

. O . 

Therefore, factor analysis - using the principal component 
extraction method was employed to derive a smaller 
number of underlying factors. The factor analysis revealed 
the three factors: economic (ECO), environmental (ENV) 
and recreational (REC) (see Table 2). The economic factor 
included economy- or production-related consequences 
for forest management (Cronbach’s a — 0.90, 11 items). 
The environmental factor included various environmental 
consequences for forest management (Cronbach’s 
a — 0.84, 3 items), whereas the recreational factor inclu¬ 
ded consequences related to the recreational uses of forests 
(Cronbach’s a — 0.79, 5 items). The three factors together 
explained 59 % of the variance in the importance rating 

(p < 0.001). 

The forest owner’s economic, environmental and rec¬ 
reational cognitive attitudes towards each exotic tree spe¬ 
cies were then estimated using the multi-attribute or the 
Fishbein model (see Eqs. 1-3), which is frequently used 
to determine customer attitudes towards brands (Hawkins 
et al. 2007). This model accounts for both the weight given 
to a certain attribute (e.g. importance of landscape scenery 
in the forest management) and the evaluation of the atti¬ 
tude-object with respect to that attribute (e.g. how lodge- 
pole pine performs with respect to the landscape scenery). 


n 

j^ECO ^ jECOpECO 

c 1 

(i) 

n 

£ENV jENVpENV 

S c cs 

c 1 

( 2 ) 

n 

j^REC ^ jRECpREC 

( 3 ) 


c= 1 


- Factor analysis is based on the assumption that all variables are 
correlated to a certain degree. Variables that are correlated with one 
another but largely independent of other subsets of variables are 
combined into factors (Tabachnick and Fidell 2006). 


Table 2 Results of the factor analysis of the rated importance 
(1 = Not important at all, 5 = Very important) of different conse¬ 
quences of forest management according to the size of the loadings 
with which the variables contribute to the factors 


Importance of 

Factor 




Economic 

(ECO) 

Environmental 

(ENV) 

Recreational 

(REC) 

Timber supply 

0.833 

-0.026 

0.097 

Timber quality 

0.787 

0.010 

0.118 

Growth 

0.767 

0.001 

0.049 

Profitability 

0.764 

0.191 

-0.056 

Soil nutrients 

0.671 

0.402 

0.070 

Vulnerability snow/ 

0.660 

0.450 

0.021 

storm damage 

Pulpwood supply 

0.628 

-0.001 

0.180 

Vulnerability game 

0.600 

0.383 

-0.015 

damage 

Value of forest for 

0.565 

0.271 

0.173 

coming generations 

Vulnerability fungi/ 

0.536 

0.497 

0.036 

insect attacks 

Public benefits 

0.478 

0.338 

0.226 

Climate impact 

0.143 

0.808 

0.206 

Nitrogen leakage 

0.221 

0.803 

0.217 

Biodiversity 

0.086 

0.616 

0.481 

Recreation/outdoor 

0.045 

0.153 

0.827 

activities 

Berry picking/ 

0.078 

0.206 

0.792 

mushrooms 

Landscape scenery 

0.046 

0.314 

0.708 

Hunting 

0.317 

-0.136 

0.578 

Cultural environment 

-0.021 

0.513 

0.573 


Values in bold represent the variables kept in each factor for the 
following analyses 


where Af co , A ENV and A EEC are the economic, environ- 

l ) i ) tS 

mental and recreational attitudes (A) of a respondent 
towards each exotic tree species s, s = lodgepole pine, 
Sitka spruce, larch and hybrid aspen; I EC0 , I ENV and I EEC 
are a respondent’s rating of the importance (/) of the 
consequences of forest management ( c ) included in the 
economic, environmental and recreational factors (derived 
from the factor analysis), respectively; and P E f°, P E ^ V and 
P EEC are the beliefs of a respondent about the performance 
(P) of species s with respect to consequence c of the forest 
management included in the economic, environmental and 
recreational factors, respectively. 

For example, one respondent rated the importance 
(1 = Not important at all, 5 = Very important) of the 
environmental consequences of forest management (I ENV ) 
as follows: biodiversity 4, nitrogen leakage 1 and climate 
change 4. The same respondent rated the performance 
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(1 = Poor performance, 5 = Good performance) of 
lodgepole pine with respect to the environmental conse- 
quences of forest management {P^J odgepo i epine ) as follows: 

biodiversity 3, nitrogen leakage 2 and climate change 4. 
Thus, the respondent’s importance rating of environmental 
consequences (I ENV ) is 3 [(4 + 1 + 4)/3], the respondent’s 
average performance rating of lodgepole pine with 

respect to environmental consequences (Pc^Ldgepoiepine) 

3 [(3 + 2 + 4)/3] and the respondents attitude towards 
lodgepole pine with respect to environmental consequences 

Zpolepine ) « 30 1(4 X 3) + (1 X 2) + (4 X 4)]. A 
higher number indicates a more favourable attitude. The 
average importance and performance ratings and the 
attitudes towards the other species and with respect to the 
other factors (economic and recreational) could be esti¬ 
mated accordingly (see comparisons of the resulting 
attitudes towards the different species in the “Results” 
section). 

A large number of respondents failed to answer or 
answered ‘do not know’ (treated as missing values) when 
asked to rate the performance of the exotics with respect to 

Q 

the consequences of forest management/ This result 
decreased the number of observations included in the 
attitude equations, most notably with respect to the eco¬ 
nomic factor (A ECO ) of the exotics. To decrease the number 
of missing answers (see the “Missing answers” section for 
more about missing answers), only four consequences were 
retained in the economic factor. The chosen consequences 
(marked with boldface in Table 2) had the maximum 
number of observations while continuing to correlate 
strongly with the factor and were considered representative 
for the economy or the productivity of the forest manage¬ 
ment (Cronbach’s a = 0.76). 

Regression models 

To understand the relative predictive power of the cogni¬ 
tive attitudes, knowledge and perceived behavioural con¬ 
trol with respect to the intention to adopt an exotic tree 
species, a multiple regression analysis was used. The 
intention towards each exotic tree species was tested 
individually. In addition to the predictors motivated by the 
theoretical model, the literature review prompted the con¬ 
trol for the influence of the socio-demographic variables 


O 

~ In terms of species, the largest number of ‘do not know’ answers 
involved Sitka spruce (a mean value for the consequences for forest 
management of 60 % ‘do not know’ answers). In terms of consequences 
for the forest management, the greatest number of ‘do not know’ answers 
was regarding performance with respect to nitrogen leakage (a mean 
value across the species of 60 % ‘do not know’ answers) followed by 
performance with respect to vulnerability to insect and fungi attacks (a 
mean value of 55 %). 


age, size of forest estate(s), geographical region 4 and 
educational level (compulsory, upper secondary or uni¬ 
versity level) on the intention to adopt an exotic. Because 
of a low number of female respondents, gender could not 
be included in the analysis. The regression models are 
expressed as Eq. 4: 

BI S = Y + XiAf C0 + X 2 A h ' NV + X 2 A rec + X 4 K s + X 5 PBC 

+ Xa-gSDi- 4 

( 4 ) 

where BI S is the (predicted) behavioural intention towards 
exotic tree species, s = lodgepole pine, Sitka spruce, larch 
and hybrid aspen; Y is the intercept; Xi~X 9 are the coeffi¬ 
cients; A EC0 , A env and A EEC are the attitudes towards the 

J J L 

exotic s with respect to the economic, environmental and 
recreational consequences of forest management; K s is 
the knowledge of forestry and the exotic s; PBC is the 
perceived behavioural control; and SD are the socio¬ 
demographic variables. 

Missing answers 

Because the regression and multi-attribute models exclude 
missing and ‘do not know’ answers list-wise, the combi¬ 
nation of variables included in the regression equations 
significantly decreased the number of respondents. In the 
regression equation for Sitka spruce, 153 observations were 
included, whereas the number of observations was 238 for 
lodgepole pine, 197 for larch and 185 for hybrid aspen. To 
assess whether there were differences in the response pat¬ 
terns (e.g. the rated importance of different consequences 
for forest management) between the respondents who were 
included in the regression equation and the remaining 
respondents, the mean values of the variables included 
in the attitude and regression equations were compared. 
The nonparametric Mann-Whitney U test was used to test 
whether the differences were statistically significant 
(/ 1 < 0.05). The test converts the response scores to ranks 
and evaluates whether the ranks differ significantly 
between two distinct groups of respondents. This approach 
is suitable for testing differences between independent 
samples of ordinal or continuous data (Pallant 2007). 
Additionally, the characteristics of the respondents 
(regarding education, the geographical region and the size 
of forest estate(s)) included in the regressions were com¬ 
pared with the characteristics of those who were excluded. 
This comparison was performed through cross-tabulations 
of the observations for each variable against whether the 


4 The regression equations controlled for whether the respondent 
resided in Sweden’s northern (SE3) NUTS (nomenclature of territo¬ 
rial units for statistics) region or in the east or south (SE1 and SE2). 
This division of Sweden follows approximately the 60th parallel. 
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respondent was included or excluded from the regression 
equations. Chi-square tests for independence determined 
whether the associations were statistically significant. 
Some differences were found (p < 0.05, see results in the 
“Comparison of respondents” section). 

Results 

The survey respondents rated the economy factor as the 
most important to their forest management, followed by the 
recreational and environmental factors (Table 3). Hybrid 
aspen and larch were on average perceived to perform 
better than the other exotics with respect to the economic 
factor, whereas the hybrid aspen was perceived as best with 
respect to both the recreational and the environmental 
factors. Relative to the other factors, all species received 
the lowest performance rating with respect to the recrea¬ 
tional factor of forest management. The average cognitive 
attitude (of all of the respondents included in the multi¬ 
attribute models) with respect to the economic factor was 
most favourable towards larch and least favourable towards 
lodgepole pine. With respect to the recreational and 


environmental factors, the average attitudes were most 
favourable towards hybrid aspen and least favourable 
towards Sitka spruce. The rated knowledge of forestry and 
the exotics was on average low. It was highest for lodge- 
pole pine and lowest for Sitka spruce (Table 3). 

The majority of the respondents were not interested in 
cultivating the exotics. The largest interest was in culti¬ 
vating larch (22 % rated a 4 or 5 on an interest scale of 
1 = Not interested at all, 5 = Very interested, n — 982), 
followed by hybrid aspen (19 % interested, n — 961). The 
least interest was in lodgepole pine. The mean behavioural 
intention followed the same pattern: highest towards larch 
and least towards lodgepole pine (Table 3). 

Predicting behavioural intentions 

Table 4 presents the results of the regression equations of 
the behavioural intention towards adopting the exotics. The 
Beta value for a particular predictor represents the change 
in the behavioural intention associated with a one-unit 
change in the predictor, all other predictors held constant 
(Tabachnick and Fidell 2006). Regarding the cognitive 
attitudes, the Beta values indicate that more favourable 


Table 3 Mean rated importance of consequences of forest manage- towards the exotics with respect to these factors and mean knowledge 

ment with respect to the economic (ECO), environmental (ENV) and of and behavioural intention towards adopting the species 

recreational (REC) factors, mean rated performance of and attitudes 


Mean 

Possible values 

All species (n) 

Larch (n) 

Hybrid aspen in) 

Sitka spruce (n) 

Lodgepole pine ( n ) 

Importance 11 







ECO b 

1-5 

4.24 (1,130) 





ENV C 

1-5 

3.43 (1,092) 





REC d 

1-5 

3.44 (1,117) 





Performance 0 







ECO 

1-5 


3.21 (750) 

3.22 (728) 

3.12 (635) 

2.98 (851) 

ENV 

1-5 


3.21 (650) 

3.33 (637) 

3.12 (589) 

3.10 (728) 

REC 

1-5 


2.92 (780) 

2.97 (755) 

2.73 (701) 

2.75 (847) 

Attitudes f 







ECO 

4-100 


56.7 (369) 

56.2 (334) 

56.1 (265) 

51.4 (474) 

ENV 

3-75 


34.7 (375) 

36.0 (370) 

33.5 (347) 

33.7 (432) 

REC 

5-125 


50.6 (403) 

51.5 (397) 

46.1 (354) 

46.2 (501) 

Knowledge 8 

2-10 


5.2 (986) 

5.0 (988) 

4.7 (989) 

5.4 (1,004) 

Behavioural intention h 

2-10 


6.3 (858) 

6.1 (838) 

5.9 (819) 

5.8 (836) 


a Mean rated importance (1 = Not important at all, 5 = Very important) of consequences for forest management included in the specific factors 
b ’ c ’ d See Table 2 for the included consequences 

0 Mean rated performance (1 = Low performance, 5 = High performance) of species with respect to the consequences included in the specific 
factors 

1 Computed attitudes [see Eqs. 1-3] per species. A higher number indicates a more favourable attitude 

8 Sum of knowledge (1 = Do not know at all, 5 = Know very well) of species and general knowledge (1 = Do not know at all, 5 = Know very 
well) of forestry 

h Sum of interest (1 = Not interested at all, 5 = Very interested) in cultivating species and openness (1 = Completely disagree, 5 = Com¬ 
pletely agree) to adopting new measures. A higher number indicates a stronger intention to adopt the species 


Spring er 
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attitudes towards the exotics have a positive effect on the 
intention to adopt the species. The attitude towards the 
economic factor of the species had a significant effect on 
the behavioural intention towards each exotic. In addition, 
the intention to adopt the hybrid aspen was positively 
influenced by a more favourable attitude towards the 
environmental factor of that species. Moreover, the inten¬ 
tion to adopt the exotics was positively influenced by the 
perceived behavioural control, that is, the stronger the 
belief that growth can be increased through learning more 
about forest management practices is, the stronger the 
intention to adopt an exotic. In terms of knowledge, higher 
knowledge of forestry and the species was positively 
related to an intention to adopt larch but did not contribute 
to any significant amount of explained variance in the 
intention to adopt the other species. Educational level had a 
significant effect on the intentions to adopt lodgepole pine 
and larch, where respondents with university education had 
stronger intentions to adopt these species than the other 
respondents. However, there was no significant effect of 
the other socio-demographic variables that were included 
in the analysis. 

In sum, cognitive attitudes, perceived behavioural control, 
knowledge of the species and educational level explained 
approximately 40 % of the variance in the intention to adopt 
the exotics. For example, the regression equation for lodge- 
pole pine suggests that 39 % of the variance in the 


respondents’ intention to adopt that species can be explained 
by the attitude towards lodgepole pine with respect to the 
economic factor, the perceived behavioural control and the 
educational level. Attitudes explained the most variance in the 
intention to adopt the exotic tree species, followed by the 
perceived behavioural control. The equations showed no signs 
of multicollinearity or heteroscedasticity and the F-statistics 
indicated a good model fit. 

Comparison of respondents 

The comparisons of respondents included in the regression 
equations and the remaining respondents (who did not 
answer or answered ‘do not know’ to the included ques¬ 
tions) revealed certain differences. The respondents inclu¬ 
ded in the regression equations possessed stronger 
intentions to adopt exotics than the other respondents 
(Table 5). Additionally, the respondents included in the 
regression equations had significantly higher levels of self- 
rated knowledge of forestry and the exotics. There were no 
significant differences between the respondents included 
in the regression equations and the other respondents 
regarding the rated importance of the economic, environ¬ 
mental and recreational factors for forest management or 
the perceived behavioural control. In addition, the relative 
importance of the factors was the same, as was the relative 


Table 4 Results of the multiple regression equations [see Eq. 4] of the influence of respondents’ attitudes, perceived behavioural control, 
knowledge and characteristics on the behavioural intention to adopt exotic tree species, expressed in Beta values (coefficient of variables) 


Predictors 

Behavioural intention towards 3 



Larch (n = 197) 

Hybrid aspen (/? =185) 

Sitka spruce (n = 153) 

Lodgepole pine (n = 238) 

Attitude ECO a 

0.379*** 

0.327*** 

0.364*** 

0.297*** 

Attitude ENV a 

0.027 

0.216** 

0.050 

0.058 

Attitude REC a 

0.062 

0.002 

0.112 

0.048 

Perceived behavioural control 5 

0.350*** 

0.277*** 

0.381*** 

0.396*** 

Knowledge 3 

0.122* 

0.099 

0.057 

0.062 

Size of estate(s) c 

-0.036 

0.059 

0.085 

0.070 

Age 

-0.005 

0.031 

0.020 

-0.013 

Education d 

0.180** 

0.108 

0.027 

0.149** 

Geographical region 0 

-0.013 

-0.049 

-0.086 

-0.002 

Adj. R 2 

0.426*** 

0.359*** 

0.374*** 

0.394*** 


Asterisks indicate the significance of the explanatory power of the predictor variables. *** p < 0.001, ** p < 0.01, * p < 0.05 

R“, the squared multiple correlation, is the proportion of variation in the behavioural intention predictable from the best linear combination of the 

2 

predictors. Adjusted R~ considers the magnitude of chance fluctuations as a result of the sample size (Tabachnick and Fidell 2006) 
a See explanation of variable in Table 3 

b Agreement (1 = Completely disagree, 5 = Completely agree) to being able to increase forest growth by learning more about forest 
management 

c 1 = 1-19 ha, 2 = 20-29 ha, 3 = 50-99 ha, 4 = 100 or more hectares 
d 1 = Compulsory school, 2 = Upper secondary school, 3 = University level education 
e 0 = South or East region of Sweden, 1 = North region of Sweden 
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Table 5 Response patterns of respondents included (Incl.) in regres- (ENV) and recreational (REC) factors, the rated performance of the 
sion equations versus those excluded (Excl.). Comparisons are species with respect to those factors, self-rated knowledge of forestry 

regarding the importance of the economic (ECO), environmental and the species and behavioural intentions 


Mean 

Larch 3 


Hybrid aspen 3 


Sitka spruce 3 


Lodgepole pine 3 


Incl. ( n ) 

Excl. (n) 

Incl. (n) 

Excl. ( n ) 

Incl. ( n) 

Excl. (n) 

Incl. ( n ) 

Excl. ( n) 

Importance 

ECO 

4.29 (197) 

4.23 (933) 

4.29 (185) 

4.23 (945) 

4.28 (153) 

4.23 (977) 

4.29 (238) 

4.22 (892) 

ENV 

3.51 (197) 

3.41 (895) 

3.53 (185) 

3.41 (907) 

3.48 (153) 

3.42 (939) 

3.50 (238) 

3.41 (854) 

REC 

3.51 (197) 

3.42 (920) 

3.46 (185) 

3.43 (932) 

3.50 (153) 

3.43 (964) 

3.50 (238) 

3.42 (879) 

Performance 

ECO 

3.31 (197) 

3.18 (553) 

3.25 (185) 

3.21 (543) 

3.29 (153)* 

3.06 (482) 

3.03 (238) 

2.95 (613) 

ENV 

3.27 (197) 

3.19 (453) 

3.37 (185) 

3.32 (452) 

3.21 (153) 

3.09 (436) 

3.20 (238) 

3.05 (490) 

REC 

3.01 (197) 

2.89 (583) 

3.03 (185) 

2.96 (570) 

2.71 (153) 

2.74 (548) 

2.69 (238) 

2.77 (609) 

Knowledge 

6.38 (197)* 

4.84 (789) 

6.16 (185)* 

4.69 (803) 

5.95 (153)* 

4.50 (836) 

6.45 (238)* 

5.07 (766) 

Behavioural intention 

6.88 (197)* 

6.12 (661) 

6.89 (185)* 

5.90 (653) 

6.71 (153)* 

5.76 (666) 

6.21 (238)* 

5.64 (598) 


a An asterisk indicates a Mann-Whitney U test found the respondents included in the regression equation provided a significantly higher rating 
of the variable than the excluded respondents (p < 0.05) 


performance rating of all of the species with respect to the 
factors. The respondents included in the regression equa¬ 
tion for Sitka spruce provided a significantly higher per¬ 
formance rating of the species with respect to the economic 
factor compared with the respondents excluded from the 
equation. 

The mean age was somewhat lower among the respon¬ 
dents included in the regression equations (57-58 years 
depending on species) than among the other respondents 
(62 years). Additionally, a higher proportion of respon¬ 
dents included in the equations had university education. 
Regional differences were also observed. Compared with 
the excluded respondents, those included in the regression 
equations for lodgepole pine were more likely to reside in 
northern Sweden than in the east or south. Contrary, the 
respondents included in the regression equations for Sitka 
spruce, larch and hybrid aspen were more likely to reside in 
southern or eastern Sweden than in the north compared 
with the respondents excluded from the equations. 

Discussion 

Although a majority of Swedish private forest owners 
desire increasing forest growth, the results of this study 
show that most of them have a limited understanding of 
exotics and do not intend to adopt exotic tree species. The 
regressions imply that the forest owners’ intentions to 
adopt exotics depend on their attitudes towards the species. 
Because the attitudes studied here are a function of two 
different variables (the importance awarded to certain 
consequences of forest management and the belief 


regarding how the exotic would perform with respect to 
that aspect), one way of influencing the potential adoption 
of exotic tree species may be to inform forest owners 
how the species perform with respect to what the owners 
find highly important to their forest management: aspects 
related to forest production and the economy. This 
approach may change their perceptions. This approach may 
also be applicable to the respondents not included in the 
regressions since they gave similar rating to the importance 
of different consequences of the forest management and 
held similar beliefs regarding the performances of the 
exotics. 

Similar to the result of Ramo et al. (2009) with respect 
to Finnish forest owners’ intention to supply biomass for 
bio-energy, uncertainties regarding environmental and 
recreational aspects do not seem to influence the intention 
to adopt exotics. However, the intention to adopt hybrid 
aspen would be stronger if the forest owners thought the 
species would perform better with respect to environmental 
aspects. This corroborates previous studies indicating for¬ 
est owners find both economic and environmental aspects 
of their forest management important (Nordlund and 
Westin 2011) and may perceive intensive forestry to neg¬ 
atively impact environmental values (Lindkvist et al. 
2012 ). 

The respondents who could be included in the regression 
equations were few but did not differ from other respon¬ 
dents with respect to their beliefs. They mainly differed 
with respect to knowledge. The majority of respondents 
seemed to possess a low level of knowledge of the exotics 
in general and the various consequences in particular. 
This insufficient knowledge suggests that the need for 
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information on exotic tree species is large. In addition, 
the high number of private forest owners who desire to 
increase growth suggests that many have the need but lack 
the know-how. 

A higher self-rated knowledge of forestry and the 
exotics implied stronger intentions to adopt the exotics. 
The effect of knowledge was only significant in the 
regression equations for larch, which suggests that 
improved knowledge of forestry and the species would not 
significantly affect the behavioural intention towards 
adopting the other species. However, the respondents 
included in the regression equations on average rated a 
higher level of knowledge than those excluded and 
exhibited stronger behavioural intentions towards adopting 
these three species. This outcome implies that the per¬ 
ceived knowledge of forestry and the species affects the 
behavioural intention. Not having sufficient knowledge, the 
practices may be associated with much risk. 

That the private forest owners may experience a knowl¬ 
edge gap regarding how to increase forest growth is further 
implied by the fact that the intention to adopt exotics related 
to a belief that forest growth may be increased through an 
improved understanding of forest management (referred to 
as the perceived behavioural control). However, this result 
also implies that those who are not interested in exotics do 
not believe that they can increase growth through improved 
knowledge. Possible reasons may be that that these forest 
owners do not believe that forest growth can be increased or 
that they already feel sufficiently knowledgeable. 

The low interest in lodgepole pine (of which the 
knowledge was higher) may be partly explained by earlier 
introductions of lodgepole pine in Swedish forestry, 
through which forest owners may have formed negative 
perceptions of the species. The performance of lodgepole 
pine was generally perceived as the poorest, whereas the 
‘do not know’ answers were fewer than for the other 
exotics. Because there was a larger representation of forest 
owners from northern Sweden, where people seemed more 
informed about lodgepole pine (exhibited in the higher 
prevalence of northern respondents in the regression 
equation for the species), the national interest in and 
intention to adopt the species may be less than the results 
indicate. The respondents from northern Sweden may be 
more familiar with lodgepole pine because of the com¬ 
paratively large standing volume of the species in the 
region (Skogsstyrelsen 2009). Still, contrary to Lindkvist 
et al. (2012), this study did not find any significant influ¬ 
ence of geographical region on the forest owners’ intention 
to adopt exotics. 

In contrast to the ‘economist’ private forest owners 
(Ingemarson et al. 2006) and Finnish owners interested in 
forest fuels (Ramo et al. 2009), the intention to adopt exotics 
among the respondents to this study was not related to 


younger age or to the larger size of the forest estate. How¬ 
ever, because the respondents included in the regression, 
which were significantly younger than the rest of the 
respondents, had stronger intentions to adopt exotics than the 
other respondents did, a correlation with age may exist. The 
topic of the survey may have attracted forest owners with an 
interest in forest growth. However, the mean age among the 
private forest owners is generally high and the data skewed 
towards older males. Thus, the overall results are influenced 
by the perceptions of older, possibly more risk-averse (An- 
dersson and Gong 2010) forest owners. Considering the long 
rotation periods in forestry, these owners may be less likely 
to invest in new practices because they plan to leave the 
forest for the next generation. 

The aim of this study was to measure private forest 
owners’ intentions and beliefs regarding exotics irrespec¬ 
tive of their knowledge level. Because the exotics inves¬ 
tigated in this study remain under regulatory restriction, no 
government policy to encourage private forest owners to 
adopt them has been developed. However, Swedish private 
forest owner organisations cooperate with the federation 
of Swedish farmers in the ‘Focus on forestry’ initiative to 
educate and encourage their members to increase profit¬ 
ability through increased forest growth (Anon 2010a), for 
example through improved forestry knowledge or better 
planning of current forest management practices. The 
initiative includes information on exotics (Anon 2010b). 
However, there seems to be a need for information on the 
outcomes of such practices. For agencies that aim to 
increase forest growth through the cultivation of exotic tree 
species, information on how the exotics perform with 
respect to the economic aspects of forest production may 
be most effective. 

These results show that interest in and intentions to 
adopt exotic tree species exist. However, the model 
employed in this study only explained part of the intention 
to adopt an exotic, and it likely depends on more variables 
than included here. For instance, Nordlund and Westin 
(201 1) found that Swedish forest management attitudes are 
influenced by basic and environmental values as well as 
forest values and forest-specific beliefs. Furthermore, an 
intention to adopt an exotic does not necessarily result in an 
actual implementation. However, favourable cognitive 
attitudes towards the exotics are most likely a precondition 
for the adoption, and attitudes have been found to possess a 
strong explanatory power with respect to intentions in 
previous studies [see, e.g. Karppinen 2005]. 

The questionnaire used in this study was designed for 
multiple purposes. A shorter and less-complicated survey 
focused only on the use of exotics may result in a higher 
response rate and fewer missing answers. Moreover, the list 
of consequences for forest management included in the 
questionnaire and analysis was based on a literature review. 
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Therefore, it was difficult to narrow the list because it was 
unclear which issues were of the most interest and 
importance to the actual respondents in this study. A more 
in-depth study of the intention of private forest owners 
to adopt exotic tree species based on these results could 
examine further the reasoning behind the importance 
awarded to different factors and how the factors may 
influence an actual decision to implement. Additionally, 
because the results of this study suggest that private forest 
owners may refrain from adopting exotics primarily 
because they perceive an economic risk, the potential 
influence of different economic factors and incentives 
could be further investigated. 

Conclusions 

The majority of private forest owners in Sweden desire 
increasing forest growth however not through the adoption 
of exotic tree species. The interest in such practices seems 
guided by perceptions of how well the species perform 
with respect to the production of forest products rather than 
environmental or recreational concerns. However, there is 
a need among private forest owners for increased infor¬ 
mation because a majority of these owners did not possess 
sufficient knowledge regarding the exotics nor about the 
ways in which they can increase forest growth. The 
intention to adopt the exotics exhibits the following order 
of preference: larch, hybrid aspen, Sitka spruce and 
lodgepole pine. 
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